a r t i c l e i n f o
The formation of waves is a vivid example of collective behaviour occurring in insects, birds, fish and mammals, which has been interpreted as an antipredator response. In birds a quantitative characterization of this phenomenon, involving thousands of individuals, is missing and its link with predation remains elusive. We studied waves in flocks of starlings, a highly gregarious species, by both direct observation and quantitative computer vision analysis of HD video recordings, under predation by peregrine falcons, Falco peregrinus. We found that waves originated from the position of the attacking predator and always propagated away from it. We measured their frequency and velocities, the latter often being larger than the velocity of the flock. A high positive correlation was found between the formation of waves and reduced predation success. We suggest that the tendency of a prey to escape, when initiated even by a few individuals in a cohesive group, elicits self-organized density waves. Such evident fluctuations in the local structure of the flocks are efficient in confusing predators. Ó 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
The formation of waves is a vivid example of self-organized collective behaviour occurring in insect swarms, bird flocks, fish schools and mammalian herds (Krause & Ruxton 2002; Couzin & Krause 2003; Gerlotto et al. 2006; Kastberger et al. 2008 ). Several authors have described such waves as (1) a collective response possibly facilitating cohesion in the presence of a predator, (2) rapid reorganization of a group upon predator attacks and (3) rapid information transfer within a large group (Radakov 1973; Webb 1980; Treherne & Foster 1981; Gerlotto et al. 2006) .
Where a predator approaches a group of prey, those nearest the predator become aware of it first and react, for example by alarm call or acceleration, thereby alerting other members of the group otherwise unaware of the threat. If the rate of transmission of this information is faster than the predator's speed of approach, individuals on the far side of the group will be alerted earlier than if they were alone. In water insects and fish this phenomenon has been labelled the 'Trafalgar effect' because of the signals that were sent between ships to Admiral Nelson before the battle of Trafalgar informing him that the French and Spanish combined fleet was leaving Cadiz, even though it was below the horizon of his flagship, HMS Victory (Caro 2005) . Treherne & Foster (1981) , who coined this term, showed that marine isopods, Halobates robustus, increased velocity in response to a model predator and this change of motion spread across the group faster than the speed of approach of the predator. The same hypothesis has been suggested for flocking birds under predation risk (Heppner 1997; Michaelsen & Byrkjedal 2002; Caro 2005) . In particular, in flocking dunlins, Calidris alpina, an accelerating wave has been described, reaching a speed three times higher than would be possible if birds were reacting only to the nearest neighbours, in an organization similar to a human chorus line in which individuals observe the approaching wave and time their own performance to coincide with its arrival (Potts 1984) .
It could be that waves represent a peculiar form of 'mobbing', which occurs when individuals of certain species mob a predator by
